word count. 245 words. Text-only word count. 4200 Abstract Purpose. The aim of the study was to investigate the effects of ball-drills and repeated sprint ability training during the regular season in basketball players. Methods. Thirty players were randomized into 3 groups: ball-drills training (BDT, n=12; 4x4min, 3 vs 3 with 3min passive recovery), repeated sprint ability training (RSAT, n=9, 3x6x20m shuttle running with 20-sec and 4-min recovery) and general basketball training (GBT, n=9, basketball technical/tactical exercises), as control group. Players were tested, before and after 8 weeks of training using the following tests: ̇O 2max, Squat Jump (SJ), Counter "Effects of Ball-Drills and Repeated Sprint Ability Training in Basketball Players" by Maggioni MA et al. Practical application of this study suggests to use both BDT and RSAT to provide specific physical and physiological conditioning during the season. Moreover, since BDT resembles real-life basketball play it could be used to achieve a parallel improvement in the technical and tactical skills of the players. "Effects of Ball-Drills and Repeated Sprint Ability Training in Basketball Players" by Maggioni MA et al.
INTRODUCTION
Basketball is considered an intermittent high intensity sport that heavily stresses both aerobic and anaerobic metabolic systems 1 . Although basketball is thought to be mainly dependent on players' anaerobic capacity, high aerobic fitness is also crucial to performance 2 . Since physical demands in basketball are so diverse, coaches aim to simultaneously optimize physical fitness 3 and neuromuscular strength 4, 5 . Hence, according to Hoffman et al. 6 , this provides a complex range of variables to be considered when developing training programs and can often lead to confusion and misuse of training modalities, particularly in the development of aerobic, anaerobic, and technical conditioning 6 . However, the design of such training sessions requires precise knowledge of the physiological qualities associated with different training stimuli. For these reasons, coaches need to design training protocols properly with strong evidence-based support.
Ball-drills and repeated sprint ability training have begun to be widely used by coaches to improve physical fitness 7 . Ball-drills training consists of a series of short duration matches with a small number of players and which replicate match-like technical/tactical and physiological demands, fostering time efficiency and players' motivation 7 . A number of studies specifically investigated the physiological demand changes during ball-drills training in basketball [7] [8] [9] [10] [11] [12] . In particular, it was observed that maturation status 11 , limitation of the number of dribbles 12 , training regimens 12 , the number of players 8, 11 , and the playing position 10 of involved the players represent the key factors in to determining training intensity in ball-drills. Moreover, it has been suggested that this type of training improve specific technical skills in all playing positions 10, 13 . Repeated sprint ability training consists of the reiteration of maximal sprints with incomplete recovery in order to improve sprint performance in general, as well as to efficiently recover and reproduce performance in subsequent sprints 14 . Several studies investigated the use of repeated sprint ability training in basketball practice [15] [16] [17] . In particular, it was observed that this type of training was correlated with maximal jump performance 15 and with a potential role in the development of repeated sprint ability 16 . Moreover, it was observed that different repeated sprint ability training modalities were effective in improving jump performance and aerobic fitness among basketball players 17 . While ball-drills and repeated sprint ability training have been Ability Training (RSAT), and General Basketball Training (GBT), which served as control group. All players were blinded to the aim of the study. Twelve players were allocated to BDT, 12 to RSAT, and 12 to GBT. The players of the two teams were allocated in an equal number to each training intervention group. Moreover, they were matched according to age, height, and body mass. Thirty players completed the study and 6 were not included in data analysis. Reasons for this exclusion were a training attendance of less than 90% (RSAT, n=2; GBT, n=2) and medical problems unrelated to the study (RSAT, n=1;
GBT, n=1) ( Figure 1 ). Before taking part in the experimental sessions, participants were fully informed about the procedures: a filled-out informed consent form outlining the study protocol benefits and risks (Declaration of Helsinki II). All participants were aware that they could withdraw from the study at any time without penalty. Participants were requested to avoid physical activity other than their normal routine, as well as to maintain their usual diets for the duration of the study.
Study Design
This was a 3-arm parallel group randomized controlled trial. The study procedure was performed during the regular season which lasts October to December. Participants were tested before 
Methodology

Anthropometric assessment
Height was measured to the nearest 0.1 cm and body mass to the nearest 0. consisting of 10 minutes of running on a treadmill at 8-10 kmh -1 with several submaximal jumps to familiarize with the jump technique. Each participant then performed 3 trials for each jump; 90 seconds and 3 minutes of passive recovery between each repetition and series, respectively, was provided. Takeoff was strictly monitored by allowing no preliminary steps or movements. SJs and CMJs not meeting these criteria were repeated. The force platform accurately recorded take-off and landing time and this allowed for the assessment the duration of the flight phase and hence the calculation of CMJ and SJ height using the equation proposed by Bosco et al. 21 . The best jump from each series was used for analysis.
Yo-Yo intermittent recovery test level 1
The Yo-Yo IR1 was administered according to the guidelines proposed by Bangsbo et al. 22 and consisted of repeated 2×20m shuttle runs followed by a 10sec active recovery (2×5m of jogging) at a progressively increased speed controlled by an audio signal from a tape recorder until exhaustion. When a participant failed to reach the finishing line on time twice, the total covered distance was considered as the test score. 
Agility T-test
The agility T-test was administered according to the guidelines proposed by Semenik 23 . All times were recorded using an electronic twin beam photocell system (Microgate, Bolzano, Italy).
Participants performed 3 trials with a 3min recovery between each trial. The best trial was used for analysis.
Line drill test
The line drill test was administered according to the guidelines proposed by Semenik 24 . All times were recorded using an electronic twin beam photocell system (Microgate, Bolzano, Italy).
5m, 10m and 20m sprint
Participants performed 3 trials for each 5m, 10m and 20 m sprint with 20 seconds of recovery between sprints and 3min between each trial 25 . All times were recorded using an electronic twin beam photocell system (Microgate, Bolzano, Italy). The best sprint was used for analysis.
20m shuttle run
The 20m (10+10m) shuttle run test consisted of maximal speed linear runs with a 180° change in direction at the 10m mark from the starting line. Participants were required to start from a specific line, sprint for 10m to reach and touch a 10m line with a foot and to turn and come back to the starting line as fast as possible. After 20sec of passive recovery, participants repeated the run. Participants performed 3 trials with a 3min recovery between each trial. The best trial was used for analysis.
Technical assessment
The technical assessment was developed by members of the Italian Basketball Federation Coaches Committee who have more than 10 years of experience. Based on their coaching experience, they assumed that specific technical skills would have to be evaluated during a standard 5 vs 5 basketball competition. Therefore, they divided players' technical skills during a match into 6 individual technical items: dribbling, shooting, passing, rebounding, defense, and offence skills (i.e. the ability to sustain and effectively contribute to the team's offence tactic). Moreover, they further divided the players' technical skills into six different technical abilities. At each feature they gave a score: 1) weakness; 2) progressing; 3) satisfactory; 4) strength; 5) exemplary. The total score for each item was 30. Using this survey tool, players' technical skills before and after the 8-week training intervention were evaluated.
Four basketball coaches that were blinded to the study's aims, participants, allocations, and protocol had to fill out the survey tool by assigning a performance score to each individual. In particular, each coach had to focus for at least 10min on a specific player and fill out the survey evaluating the players separately and independently from the others. For each single item a final score was given using the average score from the 4 coaches. In order to assess test-retest reliability of the survey tool, 2 standard 5 vs 5 matches between players allocated to the different training intervention were performed 1 week apart. For each player the average scores were compared using the interclass correlation coefficients (ICCs). two-phase stop); iii) basketball technique fundamentals (dribbling, passing, and shooting); iv) basic defensive movements (defensive stance, defensive slide, denial defense, and box-out).
Training was matched between the 3 conditions and the Borg CR-10 category-ratio scale was selected to rate the perceived intensity of exertion 26 BDT group, whereas no significant PRE to POST differences were seen in the RSAT and GBT groups (Table 1) . time: p<0.0001; group: p=0.009) skills, whereas no significant differences were noted in the RSAT and GBT groups. Table 3 shows the post-hoc inter-group comparisons with statistical significance and effect sizes of all the single items from the technical evaluation form.
Discussion
To the best of our knowledge, this is the first intervention study comparing the effect of BDT, RSAT and GBT on physical, physiological and technical basketball demands. Comparisons of the PRE and POST intervention scores of the Yo-Yo IR1, agility T-test, and line drill test showed significant improvements in both BDT and RSAT groups, whereas improvements of 10m sprint and BLC were found in only RSAT group. Regarding technical skills, only BDT showed improvements in all the technical skills analyzed by the survey. With regards to the GBT group, no remarkable improvements were in any of the items.
After the intervention we observed no significant improvements in ̇O 2max, VT, and BLC in any of the groups during the maximal treadmill test. As the study protocol was carried out during the regular season, we could reason that athletes were maybe already conditioned and improvement margins were limited for further specific ̇O 2max improvements 29 . We could also hypothesize that this laboratory test is less sensitive to detecting training-induced improvements in aerobic performance as suggested by Bangsbo et al. 22 based performance test is fundamental to prepare players to respond adequately to these requirements.
In fact, during a competition, players will never perform high-intensity drills for more than 10-15 seconds or run more than 20m without change in direction 1 .
In addition, we investigated the effects of BDT and RSAT on vertical jump performance as this is one of the most prevalent acts performed by basketball players. According to Ziv and Lidor 31 , jumping is part of various defensive and offensive maneuvers performed by basketball players in matches and practices. Furthermore, in real-match situations, players are required not only to perform a high number of jumps, but also to do them in a competitive and demanding condition 31 . Therefore, improve jumping ability is one of the main goals for players, regardless of their playing position 31 . At the end of our protocol we did not find significant improvements in SJ and CMJ, but on the other hand we did not observe also deterioration of jumping ability, which means that this specific ability during the interventions period was conserved. However, finding comparisons with literature regarding vertical jump performance was difficult. In fact, the multiple testing protocols used in observational and experimental basketball research made it difficult to compare final results 31 . Therefore, we implemented the gold standard measurements for vertical jump performance. On the other hand, we admit that these tests did not mimic basketball-specific jumps and therefore possible training-induced improvements might be not have been detected. Moreover, we did not include any specific training to improve jumping or lower limb strength training in our intervention. In fact, the review of Ziv and Lidor 31 , reported the key role of short plyometric training sessions as part of the strength and conditioning program to enhance vertical jump performances in basketball players.
Blood lactate concentration has been frequently measured as a physiological response in basketball players during a match 32 . However, there is a lack of information on the stress imposed on basketball players during different types of training. The BLCs recorded during the BDT in the present study were comparable to those reported during actual matches in previous studies 14 . Moreover, they are similar to those found by Castagna et al. 7 in a previous study, analyzing 3 vs 3 ball-drills (i.e. 6.22.3 mmoll -1 ). This indicates that the BDT implemented in our study stresses both the aerobic and the anaerobic capacity during exercise, enhancing players' lactate clearance during low intensity match phases. On the contrary, RSAT induced a greater accumulation of BLC, indicating that this type of training stresses only the rapid glycolytic energy pathway.
As mentioned above, the novelty of this study relies on assessing specifically whether BDT and RSAT simultaneously improved technical skills directly evaluated during short custom-designed matches. Our results showed a significant improvement in technical skills in the BDT group rather than the RSAT and GBT groups, due to the highly increased basketball-specific activity (i.e. involvement with the ball) during match simulation. In fact, there are several factors that could influence the physiological and technical demands of BDT and thus the desired training stimulus from match-based conditioning. According to this, Klusemann et al. 11 studied the combination of player number, the court size, and the work-to-rest ratio in their controlled experimental trial 11 examined the effects of BDT on technical demands. Delextrat and Martinez 10 studied the effects of match-based conditioning in technical parameters in their randomized parallel matched-group experiment. They found an effect of time on defensive agility (+4.5%) and shooting skills (+7.4%) with significantly better performances achieved in the post-compared to pre-test 10 . However, this study analyzed a limited number of technical actions and did not assess them during a competition. For this reason, in order to further investigate these aspects, we created an assessment scale that was developed to analyze players' technical skills during a simulated a 5 vs 5 match finding an improvement in dribbling, shooting, passing, rebounding, defensive, and offensive skills. According to the authors' knowledge, a specific validated scale to assess basketball technical skills is still not available in the scientific literature. Therefore, in order to evaluate players' technical skills, we built our own technical evaluation form. We are aware that this is a limitation of the study because our evaluation is subjective.
On the other hand, we tried to improve the reliability of our assessment tool by hosting 2 matches 1
week apart and comparing the scores using ICCs. Moreover, we fixed specific items and chose external qualified observers and applied the same method as the Likert scale. Therefore, further studies involving a similar approach are need. It would be possible in the future to retrieve more information about players' technical skills through coaches rating videos of the same session multiple times. In addition, it would be possible to compare the technical skills performance with some game statistics.
Conclusions
The finding of this study provides evidence that BDT and RSAT were both effective in improving the specific physical performances of basketball players. However, BDT training had a positive impact on improving technical skills. Therefore, using BDT during the season would appear more beneficial for basketball players because in addition to similar improvement in physical performance with regard to RSAT. BDT increased basketball-specific skills. On the other hand, if RSAT is administered, more intense sessions should be undertaken. Legend. BDT: ball-drills training; RSAT: repeated sprint ability training; GBT: general basketball training; §: significant differences between the groups at PRE; *: PRE to POST significant differences; #: significant differences between the groups at POST.
